Sixteen compounds were isolated from the MeOH extract of leaves of Myoporum bontioides. Of the compounds isolated, five were found to be new. Their structures were elucidated to be a chlorine-containing iridoid, named myopochlorin, and an iridoid glucoside, an acylated iridoid glucoside, a linear acetogenin glucoside, and an acyclic monoterpene glucoside, named myobontiosides A−D, respectively, by means of spectroscopic analyses.
Introduction
Myoporum bontioides A. Gray is a small evergreen tree of about 1-2 m in height found in coastal areas of the southern Kyushu islands through Okinawa, Taiwan, southern China and Indochina (Hatusima, 1975) . In China, a decoction of M. bontioides is used as a folk medicine for antidermatosis, and as an antipyretic and antipsychotic. A furanosesquiterpene, (R)-myoporone, is a major constituent of the volatile oil of M.
bontioides and it showed insecticidal activity against Plutella xylostella (Gu et al., 2004) . In a continuing study on Okinawan plants, the polar constituents of M.
bontioides, collected in Okinawa, were investigated. (c=6.35, MeOH) (Burger et al., 1987) , cimidahurine (7), amorphous powder, [α] D 26 −40.7 (c=0.21, MeOH) (Sugiyama and Kikuchi, 1992) (Birkofer et al., 1968; Nishimura et al., 1991) , isoverbascoside (9), amorphous powder, [α] D 26 −28.2 (c=0.17, MeOH) (Miyase et al., 1982) , and oxoverbascoside (10), amorphous powder, [α] D 25 −68.6 (c=0.33, MeOH) (Nishibe et al., 1993) , two phenylpropanoids, meliotoside (11), colorless prisms, m.p.
239−241 °C (MeOH), [α] D

25
−57.3 (c=3.36, MeOH) (Takaishi, 1968; Vasange et al., 1997) and ferulic acid β-D-glucopyranosyl ester (12), amorphous powder, [α] D 27 −7.56 (c=0.44, MeOH) (Schlenk and Gellerman, 1965; Hashimoto et al., 1992) , and four flavonoid glucosides, the 7-O-β-D-glucopyranosides of apigenin (13) (Mabry et al., 1984; Wang et al., 2004) , and chrysoeriol (16), yellow amorphous powder, [α] D
27
−44.7 (c=1.16, MeOH) (Harborne and Mabry, 1982c) . Structures of the known compounds were identified by comparison of spectroscopic data with those reported in the literature. This paper deals with isolation and structural elucidation of the new compounds.
Results and Discussion
Air-dried leaves of M. bontioides were extracted with MeOH three times and the concentrated MeOH extract was partitioned with solvents of increasing polarity. The 1-BuOH soluble fraction was separated by means of various chromatographic procedures including column chromatography (CC) on a highly porous synthetic resin , and then normal silica gel and reversed-phase octadecyl silica gel (ODS) CC, droplet counter-current chromatography (DCCC), and high-performance liquid chromatography (HPLC) to afford 16 compounds (1-16). The details and yields are given under Experimental. The structures of the new compounds (1−5) were elucidated on the basis of spectroscopic evidence, and those of known compounds were identified by comparison of spectroscopic data with those reported in the literature.
Myopochlorin (1) (Table 1) . According to these spectral data, 1 was considered to be a C-9 iridoid, and judging from the three degrees of unsaturation, it must have a tricyclic skeleton. The 1 H-1 H correlation spectroscopy (COSY) spectrum showed three sets of correlations, however, they were not further correlated. Thus, the heteronuclear multiple bond correlation (HMBC) spectrum was examined to confirm the structure (Fig. 2a) . The correlation between H-10a (δ H 4.46) and C-1 (δ C 102.3)
showed the presence of a third cyclic system (C-10-O-C-1) in the iridoid skeleton through acetal formation. The correlation peaks between H-1 (δ H 5.41) and C-3 (δ C 58.5), C-5 (δ C 73.1), and C-9 (δ C 55.7), those between H-10a and C-1, C-7 (δ C 72.4), and C-9, those between H-4a (δ H 1.87) and C-5, C-6 (δ C 76.8), and C-9, and those between H-4b (δ H 1.62) and C-3, C-5 and C-6 established the carbon framework of myopochlorin (1) as shown in Fig. 1 . However, the 13 C-NMR chemical shifts of C-5, 6, 7 and 8 were too close to determine the position of the chlorine atom. Therefore, the HMBC spectrum for a DMSO-d 6 solution, in which the hydroxyl protons were found to appear at δ H 4.75, 5.31 and 5.70, was inspected (Fig. 2b) . The hydroxy proton appearing at δ H 5.31 was placed at C-6 based on the cross peak between the proton and C-5 (δ C 71.3), and that appearing at δ H 5.70 at C-8 based on the cross peak between the proton and C-10 (δ C 71.2). The remaining hydroxyl group (δ H 4.75) was placed at C-5 based on the appearance of a cross peak between the proton and C-5. Therefore, the C-7 was the sole remaining position for the chlorine atom. The relative structure of 1 was assessed by phase-sensitive (PS)-nuclear Overhauser exchange (NOESY) spectrometry for a DMSO-d 6 solution, in which H-9 (δ H 2.04) showed correlation peaks with H-1, H-7, and protons of 5-OH, 6-OH and 8-OH, and thus H-1, H-9 and three hydroxy groups are assigned to locate in the same face and the chlorine atom to the opposite face to H-1, H-9 and the three hydroxyl groups (Fig. 3) . The modified Mosher's method was applied to establish the absolute structure (Fig. 4) (Ohtani et al., 1991) . The Δδ values of H-1, H 2 -3, and H 2 -4 were shown to have minus signs, however, those of protons on the other side were uniformly 0, probably due to that the protons on this side were far from the influence of the ring current of the MTPA aromatic moiety. Therefore, the structure of myopochlorin (1) was elucidated to be (1R,5S,6S,7R,8S,9S)-7-chloro-8-(hydroxymethyl)octahydrocyclopenta[c]pyran-1,10-oxyra-5,6,7-triol.
-- Table 1 (2) is an iridoid glucoside containing a chlorine atom. The COSY spectrum revealed connections from C-3 to C-7 and C-5 to C-1 via C-9 ( Fig. 5a ), and two or three bond correlations observed in the HMBC (Fig. 5a ) spectrum supported the carbon framework to be as shown as 2 and the 13C NMR spectrum was indeed very similar to that published for bisdeoxycynanchoside (Adriani et al., 1982) . The PSNOESY experiment showed that the hydroxy groups at the 5-and 8-positions are both on the β-face (Fig. 5b) , and the position of the chlorine atom was clearly demonstrated to be at the methylene group at C-10 from its 13 C-NMR chemical shift (δ C 52.9). Therefore, the structure of myobontioside A (2) was elucidated to be as shown in .50) assignable to a 6-acylated glucopyranose (Matsunami et al., 2006) . The remaining part of the 13 C-NMR spectrum was almost identical to that published for macfadienoside (Davini et al., 1983) , allowing for the different solvent. The phenylpropanoid moiety was linked by an ester bond to the hydroxyl group of C-6', which was confirmed by the low field shifts of carbon (δ C 64.1) and proton (δ H 4.43 and 4.50) signals in the one-dimensional spectra, and the correlation peak between H 2 -6' and C-9" (δ C 168.9) in the HMBC spectrum. NOESY correlation between methoxyl protons (δ H 3.90) and an aromatic proton [δ H 7.20 (d, J=2 Hz) ] confirmed that the phenylpropanoid was ferulic acid. Therefore, the structure of myobontioside B (3) was elucidated to be macfadienoside 6"-ferulic acid ester. 29.7) to those on C-3 (δ C 29.0), and then that on C-4 (δ C 83.1), and finally to those on C-5 (δ C 36.5). Therefore, the structure of myobontioside C (4) was elucidated to be 4,10-dihydroxylcapric acid 1,4-olide β-D-glucopyranoside, as shown in Fig. 1 . The absolute configuration at C-4 remains to be determined.
Myobontioside D (5), [α] D 23 -27.7, was also isolated as an amorphous powder and its elemental composition was determined to be C 16 H 30 O 7 . The one-dimensional NMR spectra exhibited six signals assignable to a β-glucopyranose, and the remaining ten signals consisted of one doublet methyl and one methyl on a double bond, three methylenes and two oxymethylenes, one methine and one trisubstituted double bond.
From the 1 H-1 H COSY spectrum, which showed a correlation sequence from H 2 -1 through H-6, and H 3 -10 and H-3, together with other two-dimensional spectra, the structure of the aglycone was established to be 3,7-dimethyloct-6-ene-1,8 or 1,9-diol.
and vice versa were observed in the difference NOE experiments, and thus the geometry of the double bond was clarified to be E. The position of the glucopyranose unit was determined to be on the hydroxyl group at C-8 from the correlation peak between H-8 and C-1' (δ C 104.4) in the HMBC spectrum. Therefore, the structure of Myobontioside
shown in Fig. 1 . The absolute configuration at C-3 remains to be determined.
Conclusion
Several compounds structurally related to myopochlorin (1) have been isolated from Cistanche salsa (Orobanchaceae) (Kobayashi et al., 1984) , Rehmannia glutinosa (Kitagawa et al., 1986) , R. glutinosa var. hueihingensis (Scrophulariaceae) (Morota et al., 1989) , Catalpa ovata (Bignoniaceae) (Nozaki et al., 1989) , etc. It is noteworthy that some of these, such as cistachlorin from C. salsa, rehmaglutins B and D from R.
glutinosa, and jioglutins A and B from R. glutinosa var. hueihingensis contain a chlorine atom at the 7-position similar to myopochlorin (1). As iridoid glucosides, asystasioside E (Demuth et al., 1989) and it derivatives (Sudo et al., 1997 ), 7-chlorodeutziol (El-Naggar et al., 1982 , mentzofoliol and its derivatives (Catalano et al., 1995) , and stegioside I (Nass and Rimpler, 1996) are known to also contain a chlorine atom at the 7-position. Myobontioside A (2) is the first example of an iridoid glucoside, chlorinated at the 10-position. Only two iridoids have been found to be chlorinated at the 10-position. They are a seco-iridoid glucoside, eustoside (Uesato et al., 1979,) and a valeriana iridoid, valechlorine (Petkov et al., 1974) .
Experimental
General experimental procedures
Mp. was measured with a Yanagimoto micro-melting point apparatus and is 
Plant Material
Leaves of M. bontioides (Sieb. et Zuu.) A. Gray (Myoporaceae) were collected in a coastal area of Yaeyama-gun, Okinawa, Japan, in November 2004, and a voucher specimen was deposited in the Herbarium of Pharmaceutical Sciences, Graduate School of Biomedical Sciences, Hiroshima University (04-MB-Okinawa-1105).
Extraction and Isolation
Dried leaves of M. bontioides (2.08 kg) were extracted three times with MeOH (15 l) at 25 ºC for one week and then concentrated to 3 l in vacuo. On concentration, 238 g of precipitate (NaCl) was formed, which was removed by suction. The extract was washed with n-hexane (3 l, 16.6 g) and then the MeOH layer was concentrated to a gummy mass. The latter was suspended in water (3 l) and then extracted with EtOAc (3 l) to give 114 g of an EtOAc-soluble fraction. The aqueous layer was then extracted with 1-BuOH (3 l) to give a 1-BuOH-soluble fraction (91.1 g), and the remaining water-layer was concentrated to furnish 221 g of a water-soluble fraction. 
Myobontioside A (2)
Amorphous
Myobontioside B (3)
Amorphous powder 3.85 (1H, m, 3.67 (1H, dd, J = 12, 5 Hz, 3.64 (1H, m, 3.31 (3H, m, 4' and 5'), 3.16 (1H, dd, J = 9, 8 Hz, 
Myobontioside C (4)
Analyses of the sugar moiety
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